Craving is considered the main variable associated with relapse after smoking cessation. Cue Exposure Therapy (CET) consists of controlled and repeated exposure to drug-related cues with the aim of extinguishing craving responses. Some virtual reality (VR) environments, such as virtual bars or parties, have previously shown their efficacy as tools for eliciting smoking craving. However, in order to adapt this technology to smoking cessation interventions, there is a need for more diverse environments that enhance the probability of generalization of extinction in real life. The main objective of this study was to identify frequent situations that produce smoking craving, as well as detecting specific craving cues in those contexts. Participants were 154 smokers who responded to an ad hoc self-administered inventory for assessing craving level in 12 different situations. Results showed that having a drink in a bar/pub at night, after having lunch/dinner in a restaurant and having a coffee in a cafe or after lunch/dinner at home were reported as the most craving-inducing scenarios. Some differences were found with regard to participants' gender, age, and number of cigarettes smoked per day. Females, younger people, and heavier smokers reported higher levels of craving in most situations. In general, the most widely cited specific cues across the contexts were people smoking, having a coffee, being with friends, and having finished eating. These results are discussed with a view to their consideration in the design of valid and reliable VR environments that could be used in the treatment of nicotine addicts who wish to give up smoking.
Introduction

S
moking is currently one of the most important public health problems. Multicomponent treatments, which incorporate three intervention stages (preparation, quitting, and maintenance), are considered the treatment of choice for this problem. 1 However, the high rates of relapse after the intervention (between 40% and 70%) make it necessary to incorporate more effective relapse prevention strategies within this kind of programs. Intense craving has been systematically associated with relapse, 2 while low craving levels after treatment predict the long-term success of the intervention. 3, 4 Pharmacological interventions do not appear to be effective in protecting smokers from urges related to cueinduced craving. 5 Therefore, there is a need for treatments that deal with the effect of cue-induced craving. Cue Exposure Therapy (CET) consists of controlled and repeated exposure to drug-related cues, in order to reduce craving associated with these situations by extinction. According to learningbased theories, cue-induced craving is explained as a conditioned response (CR) established by a learned association between the cue (CS) and drug intake (US). 6 In smoking cessation contexts, relapse is usually associated with cue-induced craving. 7 Several experimental studies have examined smokers' responses to smoking-related and neutral cues, finding that smoking-related cues elicit greater reactivity across different domains (self-report, physiological, or behavioral). a scenario involving smoking, 14, 15 or being in smokers' natural environments in real time. 16 Other studies have shown that controlled exposure to such cues can reduce craving levels after several repetitions, 11, 17 which has implications for clinical treatments. Furthermore, cue reactivity, and more specifically, heart-rate reactivity during cue-exposure, has been found to be a predictor for relapse after treatment. 18 Nevertheless, and despite the amount of basic research on the cue-exposure paradigm for smokers, few studies have assessed the utility of these findings for improving smoking cessation treatments, and the most substantial study found that cue exposure therapy did not improve standard cognitive-behavioral treatment. 19 It is likely that the utility of these interventions is limited by the presentation method when imagery is used, and by the selection of cues that are too isolated when the presentation method is in vivo or photos. Traditionally, cues used are the most proximal stimuli to drug administration, such as smoking-related paraphernalia or holding or lighting a cigarette, but more complex environments should be used as cues for smoking. 20 The use of virtual reality (VR) to provoke craving could be a good option, since it can permit exposure to specific smoking cues, such as lighters or ashtrays, but also to general contexts, such as a bar. Previous studies have reported the success of virtual environments (VE) for inducing smoking craving in a more effective way than other, more traditional presentation formats such as those mentioned above. [21] [22] [23] [24] [25] Nevertheless, these studies are quite recent, and there is a need for more research on which VEs are suitable. The studies by Bordnick et al. employ VR to induce craving with good results, using virtual paraphernalia or avatars smoking in bars or parties as cues. 23, 26 Lee et al.'s studies used a virtual bar, 27 while Baumann and Sayette (2006) developed a complex virtual world with smoking craving cues but based on the reported urges of just five smokers. Some previous research set out to identify the triggers or cues for smoking craving or relapse. Most literature on this topic has attempted to find the immediate antecedents of relapse, finding both negative and positive affect, 28, 29 as well as social situations associated with previous smoking behavior, as the main precipitants of smoking. 28, 30 Shiffman et al. (1996) used electronic diaries in order to avoid retrospective methodology in the recording of craving or relapse situations, finding that most lapses (78%) were associated with smoking cues and eating or drinking situations. Another study, which assessed the psychometric properties of 12 photos related to smoking, yielded excellent results, 31 while several studies assessing smokers' self-efficacy in diverse situations [32] [33] [34] offer a starting point for the use of reliability stimuli in VE-CET. In order to generalize the use of VR to clinical contexts, it is necessary to develop more diverse VEs based on larger samples of smokers' reports and on previous literature, with the aim of exposing participants to a greater number of situations and enhancing the probability of generalization of extinction. 35 The main objective of this study was to identify common situations that produce smoking craving and specific craving cues in those scenarios, with a view to developing new, valid, and reliable VEs and improving VE-CET for smokers. A second objective was to identify differences in craving response to these situations as a function of different variables (gender, age, and number of cigarettes smoked per day).
Materials and Methods
Participants
Participants were 154 smokers (39% male, 61% female) with a mean age of 30.3 years (range 18-67) and a mean number of cigarettes smoked per day of 14.6. The snowball sampling method, starting with volunteer psychology undergraduates, was used to recruit the participants in three Spanish cities. Inclusion criteria were being aged 18 or older and having smoked 10 or more cigarettes per day over the previous 2 years. Those initially recruited were excluded if they met criteria for a current severe psychiatric disorder or other substance dependence, they had a smoking-related illness, or they were currently involved in smoking cessation activity.
Instrument and procedure
We developed an ad hoc self-administered inventory to assess the level of craving in 12 different situations: after having breakfast; after lunch/dinner at home; after lunch/ dinner in a restaurant; having a drink in a bar/pub at night; having a coffee in a cafe; watching TV or reading a book while relaxing at home; during a break between classes; during a break at work; waiting for a friend/bus on the street; working; studying for an exam; driving a car. These situations were selected based on previous studies assessing triggers for smoking, as well as smokers' self-efficacy in diverse situations.
2,32-34 For each item, participants had to imagine the scene and indicate their desire to smoke on a Likert scale ranging from 0 ¼ ''no desire'' to 4 ¼ ''very high desire,'' where applicable. For those situations graded with a score from 1 to 4, participants were also asked to write in a blank text box which stimulus (people, objects, sounds, etc.) present in that context made them wish to smoke. An open item was included at the end of the inventory for any other situation not included in the above list that the participant might consider relevant. All the instructions for responding to the instrument were included on it. The inventory showed good reliability (Cronbach's a ¼ 0.85).
Data analysis
Various descriptive and frequency analyses in relation to participants' craving level and the most frequent stimuli in each situation were carried out. Student t tests (after Levene's correction for inequality of variance) were conducted in order to assess gender differences with regard to craving desire in each situation. A one-way between-groups analysis of covariance was also carried out to compare craving levels as a function of age ( 26 vs. ! 27) . Participants' number of cigarettes smoked per day was used as the covariate in this analysis. The same analysis was also used to compare desire for smoking, taking the number of cigarettes per day ( 13 vs. ! 14) as the independent variable and age as the covariate. Due to the number of statistical analyses conducted, a Bonferroni adjustment was made for tests on the 12 variables, setting the permissible type I error rate at a ¼ 0.0041 (0.05/12).
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The statistical software used was SPSS (V15; SPSS, Inc., Chicago, IL). Table 1 shows the mean craving level for each risk situation assessed. As we can see, the highest levels of reported craving are related to having a drink in a bar/pub at night and after having lunch/dinner in a restaurant. On the opposite side, driving a car and watching TV or reading a book while relaxing at home were the least craving-inducing situations.
Results
Contexts
The open item resulted in 30 new and different situations, but most of them were reported by no more than one or two persons. Only one of these new contexts was mentioned by a significantly greater number of participants. A total of 23 participants (19.9%) mentioned a desire to smoke after having sexual relations.
Gender, age, and number of cigarettes per day. Table 2 shows the comparison of craving levels by gender, age, and mean number of cigarettes smoked per day.
With regard to the gender variable, we found statistically significant differences between men and women in three contexts: having a coffee in a cafe, during a break between classes, and studying for an exam. In all three situations, women reported a greater desire for smoking than men. Males and females did not differ significantly in the other two variables considered (age or number of cigarettes per day).
Participants were divided by age into two subgroups of equal size. One subgroup included participants under the age of 27 and the second subgroup those aged 27 or over. Participants in the two groups differed in the number of cigarettes smoked per day (M 26 ¼ 13.4, M !27 ¼ 15.8; t (152) ¼ À2.77, p ¼ 0.006), so that this variable was included as a covariate in the analyses to control its effect. We found some differences in craving levels between the younger and the older group. In this case, having a drink in a bar/pub at night, after having lunch or dinner in a restaurant, studying for an exam, waiting for a 
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friend/bus on the street, and driving a car all produced more craving in the younger group than in the older group. Finally, we compared the two subgroups that resulted from dividing the sample according to number of cigarettes smoked per day. The cut-off point that left 50% of the participants in each group was smoking less than 14 cigarettes or smoking 14 or more. Participants in the two groups differed in age (M 13 ¼ 28.3, M !14 ¼ 32.2; t (152) ¼ À2.18, p ¼ 0.03), so that this variable was also included as a covariate. In this case, differences were detected in most of the situations, with the exception of after having lunch/dinner in a restaurant, studying for an exam, driving a car, and working. For all the cases, those who smoked 14 or more cigarettes per day reported higher craving levels.
Specific cues
Data about specific stimuli that could contribute to increasing participants' smoking craving in the proposed situations were also collected. In order to deal with the most relevant outcomes, we report here only those cues that were mentioned by at least 10% of the participants (n ! 15).
Having a drink (51.9%), being with friends (40.9%), people smoking (33.7%), music (22.7%), and people around (16.2%) were the most frequently reported cues in the pub at night. Being with friends (38.9%), having finished eating (27.2%), people smoking (21.4%), having a coffee (16.2%), people around (11.0%), and having a drink (10.3%) were the most frequently mentioned specific cues after having lunch/dinner in a restaurant. Similarly, the most frequent stimuli when having a coffee in a cafe were the coffee (46.1%), being with friends (37.0%), and people smoking (19.5%). After having lunch/ dinner at home, the specific cues cited were having finished eating (51.2%), watching television (12.3%), having a coffee (11%), and being with relatives (10.3%). Once again, coffee (32.4%) and having finished eating (12.3%) were cues reported for after having breakfast. People smoking (23.3%) and being with classmates (12.3%) were the most frequently mentioned specific cues during a break between classes. In contrast, having nothing to do (55.1%) and people around (11.6%) were the main smoking-triggering cues when waiting for a friend/bus on the street. Finally, television (18.8%) when relaxing at home and music (10.3%) while driving a car were also some of the most often-cited specific cues. No specific cues were reported by at least 10% of the participants for the rest of the situations: during a break at work, working, or studying for an exam.
Discussion
The main objective of this study was to identify common situations that produce smoking craving, as well as to detect specific craving cues in those contexts in order to develop more effective VEs that could be used within the cue-exposure paradigm.
The results of this study showed that some contexts were associated with higher self-reported craving levels than others. These scenarios were: having a drink in a bar/pub at night, after having lunch/dinner in a restaurant, having a coffee in a cafe,
FIG. 1. Virtual environments based on the results.
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and after having lunch/dinner at home. The rest of the proposed situations were also related to the desire to smoke, but showed lower craving levels or were reported with less frequency. This information could be useful when working with exposure procedures for extinguishing conditioned responses in which it is necessary to increase the intensity of the conditioned stimulus gradually using, as in this case, different situations that produce craving. Our results are in the same line as those of previous studies that attempted to identify risk situations for smoking. Social or food situations in which people smoke were also identified in previous studies. 2, 33 However, what is new in this study is that we have identified both contexts or situations and specific cues that can produce smoking craving. This knowledge is necessary when developing VEs that aim to reproduce real situations. Furthermore, the sample size used in the present study is more representative than those used in previous studies related to VR. 21 With regard to the specific stimuli in each of these contexts, we saw in the results section that some of the specific cues were cited across the situations. These most widely cited cues included people smoking, having a coffee, being with friends, and having finished eating. All such specific cues should be considered in the design of valid and reliable VR environments aimed at producing craving in smokers, whether or not they match the scenarios proposed here.
On the other hand, we should bear in mind that some situations that can trigger smoking, such as the cited after having sexual relations, would be difficult to represent in VEs, so having a wide range of scenarios is necessary for facilitating the generalization of extinction when using a cueexposure treatment paradigm. At the same time, using VEs permits continuous monitoring of craving while the subject is exposed. This provides a unique opportunity to test unexpected cues that researchers could not have predicted, and this advantage is only comparable with those offered by naturalistic or real situations.
Some individual variables were also studied. We found that mean desire for smoking in most situations was greater in females than in males. Despite the fact that some of the situations did not reach statistical significance, there was a clear trend for higher self-reported craving among female participants. Some studies have also found that females show higher reactivity than males to smoking-related cues, according to both self-reported craving measures 36 and psychophysiological measures such as blood pressure or EEG. 37, 38 Likewise, research has found the effects of tobacco withdrawal symptoms to be greater in women than in men. 39 As regards participants' age, we found no linear trend, but in those situations where significant differences were detected, they showed greater craving among younger respondents. Nevertheless, these differences could also be explained by the fact that some specific situations, such as having a drink in a bar/pub or studying for an exam, are more frequent in younger than older people. Finally, a significant relationship was found between number of cigarettes smoked per day and craving experienced in the VEs: the more cigarettes smoked, the higher the craving. These results are in the same direction as those of previous studies, which found a direct relationship between reactivity and number of cigarettes or nicotine dependence. 40, 41 However, other studies have also shown the opposite relationship, whereby lower dependency levels were related to increased reactivity, 42 or it was at least as strong as that of heavy smokers. 43 Even so, it must be pointed out that, in our sample, even the participants who reported the highest number of cigarettes smoked per day were light smokers compared to those in the mentioned studies. Thus there is a need for further studies to determine whether this relationship is linear or whether, indeed, reactivity to craving stimuli or situations decreases in heavy smokers compared to light smokers such as those taking part in our study. Despite the use of Bonferroni correction in these analyses, we have also reported those variables that were found to be marginally significant. Therefore, findings significant at p < 0.01 should be interpreted with caution.
This data on individual differences could prove useful for determining exposure parameters. Future research might consider these results with the objective of analyzing whether higher levels of self-reported craving could be correlated to a need for longer exposure periods to extinguish the conditioned response. Thus it might be interesting to know whether females, younger people, and light smokers are more resistant to extinction than males, older people, and heavier smokers.
Some limitations of this study should be mentioned. On the one hand, we should bear in mind that these self-report craving results are based on responses to an inventory. A more reliable way of obtaining results would be to use a naturalistic assessment of craving levels at the time when people are actually in the relevant contexts and imagination or memory do not play such a crucial role. On the other hand, the mean number of cigarettes smoked per day in our sample was quite low (less than 14). Tobacco-related studies usually consider heavy smokers as those who smoke more than 20 cigarettes per day, which would suggest that this category of smokers is not represented in our study.
Finally, we should like to illustrate these results with some VEs that are being developed based on the results of our study. Figure 1 shows images of the four situations that were reported as the strongest smoking triggers considering both contexts and specific cues. This technology will be used in a future trial whose objective will be to assess the efficacy of CET though VR for smoking cessation.
